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ABSTRACT : PURPOSE: To improve the rise of IC-VCE characteristics of a transistor, by using GalnAs 
compound and GalnPAs or AIGalnAs compound for a P-type first base layer and a second 
base layer, respectively. 

CONSTITUTION: On an InP semiconductor substrate 1 1 , the following are laminated in 
order; a semiconductor layer 13 for a collector composed of N-type GaUln^UPyAs^y 
(0<u, v<1 ), a semiconductor layer 14-1 for a first base composed of P-type 
GaxIn-j.xASySb^y (0<x, y<1), a semiconductor layer 14-2 for a second base composed 
of P-type Gakln^kPjAs^i (0<k, l<1) or AlmGanln^^As (0<m, n<1), and a 
semiconductor layer 15 for an emitter 15 composed of N-type Gawln^wPZAs^z (0<w, 
z<1) whose energy band gap is larger than the semiconductor layer 14-2. The withstand 
voltage is enhanced 2-3 times as compared with a homo junction transistor. The rise of 
IC-VCE characteristics is improved. The current gain scarcely decrease in a region of high 
current density. 
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M#4M] ¥mft&tiLJt\Z, nltGa. Im-. 
P. Asi-, (fcrtfU O^u^l, 0£v£l) <D=J 
lf?M*i$fr®£. p^TGa, In,-, As, Sb 

(tzfzL. O^xS I, Ogy^l) 
ffl*£W§<^ P^Ga k I ni-i P, As,-, (fc 
tfU O^k^l, OSUl) £ZittAl. Ga. I 
n:-.-. As (fzfzV. 0 ^m^ 1 , O^n^l) £5 2 

Ga. In,-, P, As,-, (fcfcL, O^w^l, 0 
^z^l) •^ffl^it^lS^SC 
<t t -r S a^- h ^ > >>x ^« 
[stf3t^2] *«#:S«±lc % nSBTAI. Ga T I 
n:-,-. As (fzfzV. Ogu^l, O^v^l) cn-i 
U?*ffl¥«ft:Jl£. PiTGa, Im-.As, Sb 
(/t^U, O^x^l, O^y^l) o>%*i^-^ 
ffi^IMt, p^TGai In>. k P, Asi-i (& 
AfU O^k^l, OSlgl) ^diAl. Ga. I 
n:---. As (ftfzU* 0 SmS 1 , O^n^l) CD^ 

Ga. Im-i Pi Asi-, (TzfzL. O^w^l, 0 

[crt^3] #»fr3i«±Jc, n f TA l , Ga, l 
n:-.-. As GfcrtfU O^u^l. O^v^l) <DZi 
UtfMVmftNUz* piTGa, Im-.As, Sb 
, (fzfzL, O^x^l, O^y^l) GDjf|l^-X 
m^mi^mt, p^TGa k I ni-i P, Asi-i (tz 
fzL. OSk^l, O^l^l) SfcteAI. Ga. I 
n:-.-. As (fztzV* O^m^l, O^n^l) (D%$ 

4^&f1.Iit^j£^X^;M=--A> H^^^ysr^rfs 
A I- Ga, Im-.., As (fcrtfU O^w^l, 0 

MM 4] ^#^««±C nlTGa. In,-. 
P, As.-, (tztzV. O^u^l, O^v^l) 0)zi 
I/^^fflWSt, PiTGa. In, -.As, Sb 
i-i Gfc£U O^x^l, O^y^l) CO^l^-X 
ffl^^St, p£>TGa k I n,-k P, Asm (fc 
*fL03£k:Sl. O^l^l) i&ttAl. Ga. In 
As (fzfzL, O^mgl, O^n^l) <Z>^ 2 

^#raictt^i£(,>x*;i^-A-> A 
I- Gat I ni-i-i As (fzfzL. 0 l , 0^ 

MM5] mfiS^lnPjO^ao. 
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x^„ 

[000 1] 
[0 00 2] 

[fl£5fcCO&ffi] Ga. Im-i P. Asi-r £J:££A I 

r Ga, Im-,-. Asfc*m«U *7fiE>Wjamtt3Qitff 

n A s ^^-XiJct^nU^^^^bfe^^n^h 

^>^x^^ic^m^nxu^, 0 

[0 0 0 3] Lrt>U ^©«flttA>H^tyy (E 
« ) &'}^^tz6bh7>i?X?<DffiEEtfl^ 2 Vt#f 

^t'^ (E, ) <D£K)±$:teA lGalnAs^I 

n p*m^zyzf)v^ummm&t<tix^2>. 

[0 0 0 4] 

$Ga I nAs^l/^^iAn^mm nVZ 

*? t vxa o mztt<»m&ttez>'\Tum&rt> 
m^aec j&^t;, ht7>i?x?<7)%m&m&-f2>rz 

a6, A 1 Ga I nAs^<038ftj^^tS^AUTgS:#* 

[0 0 0 5] ^£^^OX^;^-^>H0^|^9{C^ 
*f. EttAlGalnAsOia-y^ffl^ 
BttlnGaAs^-XMim CttA 1 
GalnAsCDa W^A I G a I n 

As<Dm^c^k^Tf*^„ E ae , Eg b , Eicte& 

[0006] z<d£o\z. mfc&itmw&mm-zt, 

[0 0 0 7] U^U C©3ft^YfcJiWli»^©S^S 

&&&&MlbXMVlf*m ^(nmz, SlO^^CGa 
I n PA s0X^- t^eY^ffil/iT^ir^f 
^<&0^Tl^^^fe^^. ^43, 01OTE' «I 
nP©Xv^M^», C'«InPMl//7^ 
^WST^O, tI^C^C7>^-x^^<*: 

[0008] z<d*§,^ mffimn$>£zfh?>i;x?m 
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3 

ftl&fc (fr ) <D%MU'£i£frZht>t\Z>. 

[o o o 9] *&m<Dnmz* h7>i?x*<omi£*fa 

^*fC**:-3T* »HTO:AlGaInAs^ 
[0 0 103 

^h7>y^^ll *m<*&tiL±lZ* nlTGa, Tn 
,-. P, ASjm <£:rt:U O^u^l, O^v^l) 
<0?U?9m*m<tm£. p^TCGa. Im-, As r 
Sbi-, GfcjfU O^x^l, O^y^DO^K 
— X/8¥3?#©ci:, piTGak I m-i Pi Asi-i 

OtiEU 0£k£l, 0£1£1) tfctiAl. Ga 
. I iii-i-i As (*:£:U O^m^l, O^n^l) 

Ga. I ni-t P, Asi-, CtfcU O^w^l, 0 

[0 0 11] ¥^^fe±i^ nS!TA 1. Ga 

. I ni-,o As (TzfzL. O^u^l, O^v^l) 
(OziUppm^&frmti. plTGa, Im-, As, 
Sbi-, (fcrtfU O^x^l, O^y^l) 4)351^ 
—Xffl piTGai Im-i Pi Asi-i 

(TztzL, O^k^l, O^l^l) SfcfiAl. Ga 
. I ni-i-i As (fzfzV. 0^ 1 . O^n^l) 

Ga. I ni-t P, Asi-, CfcfciU O^w^l, 0 

[0 0 12] 3£K1, *mfrm&±iZ* nfTAl, G 
a. In,-.-, As (TzfzV. 0£u£l, OSv^ 
1) <£3l^*ffl¥*£#Jg^ pSTGa, I m-, A 
s, Sb,-, GfcrffU O^x^l, 0^y^l)<Z)3S 
l^—xmttmftmt* pltGai Im-i P. As 
i-i (tzfzL. O^k^l, O^l^l) ^cliAl, 
Ga, In,-... As GfcflfU 0 ^mS 1 , O^n^ 

i) <nm2^-xm*m&®t* nmx. ^2^- 

X®*m&mzit^lj:^jz*)l*-rt>\i**v7tt 
T£AL Ga, In,-,-, As (fcfcU 0^w£ 

[0 0 13] &fz* *mfrm&±\Z. ni"CGa, I n 
1-. P. As,-. VzfzL,. O^u^l, O^v^l) 
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4 

<Dn\/t7?m¥mfcm£+ pSJOGai Im-« Asr 
Sbi., (fcfc'U O^x^l, O^ySl) omi^ 
-X^^St, P^TGai I ni-k P, Asi-, 

(fctfiU O^k^l. O^l^l) JfclJAl, Ga 
. In,..-. As (fc*:U O^mr^l. O^n^l) 

¥#i#jaKjt^j£^x*;i^-A> k** ^ y£#-r* 

All Ga, 1 m-.-, As (fzfzL, O^w^ 1, 0 

^z^i) x^ y^ffl¥^©i^m^$nT^^'bco 

[0 0 14] £6fZ> *m&£&rf\ nPfrZUQ, Z. 

<D±\zmf$.2tizziu?*m¥m&m, *-zm*m& 

[0 0 153 

^"Xffif^CGa, I ni-x As, Sbw £J8 
^ ^2^Xffi^l<hlT, Gai I ni-k P, 
Asi-. ifdtAl, Ga. In,-.., AsSr^ttfcZl 

[0016] GalnPAs/GalnAsSb^ 
A 1 G a I n A s/G a I n As S b'v^tJ&^Tli, 

(ae< > ^^-rsia2^^-rj:^^x^^»-HS! 

TIl^Ga InAsPfeKttAlGal nAstl 
1 ^-xm^mftMOG a I n A s S bS^O^SIC^ 

30 [0 0 17] ±Tz. ^l^-XMi#ItLTGaI 
nAs S b£m>S£<hK:£D. nUtr?m<Dtmm& 

[0 0 18] ^^c, f!2^Xffl^i<!:l/t, Ga 
i I n:-k Pi As, -i ^fctAAl. Ga. In,-.-. 

cffl^-r^iisvix^^-^-xfc^A^ns^Tic 
»tt, jigjx^^-^Lrft-^^n. 
40 tp&mmzitffTzzti&TZz. 

[0 0 19] MM^InPtL^ 

[0 0 2 0] 
[^J£M3 

C^0!1D @ l fc^lUS^fn^ h7 >yX 

^<?d^ i (Dmmm^r. i n p<z)^«5^o^^s 

« 1 1 no.BiGao.^As^lU-^ 

&KM\zm&i*zj:oizmm^Tmi-2tiT^z>. 

50 [0 0 2 1] &1z, 2- 
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(4) 

5 

l±fC, n* M~C I n F<K>W,2^n V>7$ 1 2 - 2 
nSTInPW3l/^^Wirai3^ p- ^ 
tGa, I ni-i Asr S bi-y (103ttt, x = 
1. y = 0. 5) ^M-Xffl^I14-lt, 

1 4 -2<7>#© S&2<-Xffl¥<SWSl 4- 

2 <d ±m z-&tymz®£vz>£ ? \zmm vxm^n 

[0 0 2 2] ISZIZ, i2^-XW^114-2± 
\Z, nitlnP^'^M^iSHt, n$lT J0 

I nP*3«£tfI no.53Gao. 1 7As020(DX^7^i 
Sttffl¥a£#JIl 6*><J;tfl 7 htfmk* 
#WS1 4-2<^Jiffi^-^^icS^-&^J;^ftSl 

^1 1 2 - 1 -eco_h®(D^lCB&A,T^^$S«^*3 

[0 0 2 3] ^^IC, ^2^-XM##I14-2 

\z. ^<D±m<nftmz&/uT'\,*z>mmz&\,*-r:, ^-x 

fi2 0^-^^/7{cfi$nTv^ o 
[0024] ttw&mm uc^^^x^ ^- 

X, 3U^^^^OX^;^-A>H«$3t«^2(D«fc-5 

M^IH-UOX^-^t'^ (E. ) C0± 
l n P^m^T^ZlzhfrfrfrZ-T, S2C0J:^tc 

^-x • nw/7^#M^«^n^r-r^>i$M75^^u^ 

1>^:46X^;I,^-^^^^ (Ee ) O^InP^l/ 
25\Z&i0 h7>yX^MEH #f*tf^— X/3U 
^^Ga I nAs/Ga I n A s <Dzt^E&^© 
vX^CD^CDl. 5Vi^i:it^2-3M±lS3±l 

h7>^x^oic -v CE ^ft<D5i:±0 ; foJ; 

<> m^ffi&mmmzte^Tbftz^ffimmvi&wtt 

1 0 5 A/cm 1 ^<^tff^&^Tte*Snfcri>o 
[0 0 2 5] ^cOiptC^gg^m^^T^m^J 

ft&^zfnmm&&wimtiL&. (fr> wu^^ 
x^^rtcAEc ,c \z^~r^^;i^-^m^rz^mj- 40 

[0 0 2 6] X5y^M«*JBl5i*M- 
X/8¥#&Jgl 4 - 1 £<Dmz, p + ^TlnGaAs 
£>3S 2 ^-Xffl¥ig#:S 14-2 <0*»£ifcttT^*C 

X^ffiJC^C, ^-X^A^n^m^«AEc" K*8 
^•-r^^^^x^;^-$:^rr^ci:"5Jc/j:^fc86, X 
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[0 0 2 7] |51^Xffl^ll 4- 1 COG 

ax I ni-x Asr Sbi-, lc43^T*&J5fcx, y &^{fc 
tSit. XSy^Tttx^M^-^Yu/:/ (Ei ) 
£ < =1 V 5 * SgJlCfa^o K/Jn£ < £ o tzTZ 

zt\z<kom 1 ^-Xffl^SWSl 4 - 1 FWTMB^fc 

&m&mzts*>izfa±zii:2>z\th-c2z>. 

[0 0 2 8] ^CO^H f^Ml ltlTIn 
GaAs^S i^C0toO^^ffiUfc^\^DXtr^^ 

&^£ft#T*te«^T*>cj;^e ^n^c^g 

l^S^Tt, Afo^tKh^^yX^tL 

[0 0 2 9] 30:*. COKBWflTftt, 
11 3tX5^^IfiftJgl 5tt^nt) InP^I 
^TV^^, IinSteGa I nPAsT**oTU^. 
-ft£-C*>ttl£ 3l/^^#^H3H Ga, I 
ni-, P, Asim (frfzL. O^u^l. O^v^ 
1) , x.*y*m*m(tmi 5teGa, Im-, P, A 
si -1 O^w^l, O^z^l) £ 

/c. 352^— Xffi^Il 4-2tLTp + ST I n 
c.uGa».4?A8^TO^^ dtm, plTG a 

1 I ni-k P. Asi-i (jfcjfcTU O^ksSl, 0^1 
SI) ££:te:Al, Ga. I rii-B-i As OtfcU 0 

^^2cogitg0y^r. 0ito^TO:ttH-f 

-^S:f^LT^S£H^lS#lST^ 2 2iJn + §?T, Al 
o.4» I m.ii As(0^2^^^ffl^m 2 3 
ttnSt, A 1 o.4 8 I no.5 2 As03l/i7^|^ 
E. 24-lfJp* GaAso.s Sbo.s 1 

^-XffiiMMWB, 24-2|ip + ^|T, I no. S3 G a 
o . 1 7 A s £>i$S£>m2 ^-Xfflf^STfe^. 
[0 0 3 0] JifB^4312lc43tt^xa^^, ^-X, 
&gS£>x*;i^-n> Kfll^tea 4 o t*M 

\zu^>x^. ^-x • au??RmzizmT\zttTz> 

2 3 CO A 1 o. 4 8 I no. 52 A s li I n P £Q ££>\Z3:*)l 

3r-**yzr (E« ) tfi±z\,>xiit>mmmiQ>mG&o 

[0 0 3 1] ^fc, Ic -VcE^teO5iJi0^tit>^$f 
T$»0, ifi5««««1S«Tt>*f5S5pJ^C0«^tt«:li. * 

fc. mmmnmmm^ (f 7 ) icov^t^jbwi ic 
t&&mz\tt>?^z&zt)mm<Dmmm®fr& 

WfigT&ofc. ^^c, Xvv^ffl^il 5<!:^M 
-Xffl#^®2 4- 1 £<Dm\Z. p* St'InGaA 
s 2 ^-Xffl¥?J*&E 2 4-2 CO^Ii^rSttTV^ 
Cch^ctO. ^4CD^^^^^n^^x5 • ^ 



JSOOCIO <.IP 



» 



(5) 
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-X#D&"fc£C. ^-X^£A$n*^TteAEe" \Z 
4-l*Ga, Ini-, As, Sbi-, CL, &fi£x. 

0 k-t* c: ttc<fc 1 ^-xm^&frm 2 4 - 1 

meet * ciau^i** ^ £ *>t^*o 20 

[0 0 3 2] u^iWH ^MUtUIn 

[0 0 3 3] fc43> £©*lttrm, au9*m#mit 

12 3 \ZA 1 o. 4 s I no.52As^UT^^, -H&iC 
ttAl. Ga, I ni-i-t As GfcjEU O^u^l, 20 

1 n P£ffll>£:tf*, dttfcGa. I m-» P, Asj-, 
OtfcU O^w^l. O^z^l) T^ntf<tli. * 

fc, ^K-^^@24-lttGaAso.5 Sb 

0. s Ctlte, Ga, Im.i As, Sb 
i-T (fc*£U O^x^l, O^y^l) T&tlfcfJ; 
l\ ^2^-Xffl¥^I2 4-2fiGa k In 
i-k Pi Asi-i (fcfc'l. O^k^l. O^l^l) 
££l±Al. Ga. I n i - b - ■ As (fcfc'U O^m^ 

1, o^n^D -c&ttjfj:^. 30 
^nLxmmm.mit^'t^ 32^ 2^ ai 

0.4. I no.siAs^l^U^^^lT^ 
0. 33ten£!-C, A l©.4s I nc-.siAs <Ozi 
*m&m. GaAso.s Sbo.s 

^M-Xffl^l, 3 4-2«p + ^7?, In 
o.s3Gao.i7AscD»f<Dfg2^~Xffl¥&#Ji, 3 5 
Hn^lT-A i o.4a I n t . 52 AsCOX^^^^it 

3 6 ten* gUT* A lo.u I no.sjAsOX^y 40 

[0 0 3 4] ±E»«3CW*XSy^, ^-X, 

n u^&^cox*jM^--a'> H«S»0-6 co£ 5&j§2 
Kfc^T&D* ^-X • 3 U**JfW£te^fc*rr£ 
Rf£ttf3&As£§e£L&:K Alo.isIno.szA 
s«I nP«tO$^ICX^-^t^^ (E« ) &± 

[0 0 3 5] Ic -V c *#1$co.&±D4#tet>&$? 

T$»o, mnmmmmm?t>*mmom'>t*tsLiK so 
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fc, ttttft&siffrt&St (ft ) £r>»Tt>HlMirc: 

^fig-e^-jfc. X5^ffl^i3 5^M 

-Xffl^i»^3 4 - I t^C, iTInGaA 
s com 2 ^-Xflf 3 4-2 (DWm&miT^Z 

Z.£\Z£D. &6<7>£5U^Ta*mm&*Zv* 

-x^wcifct;, ^-x^SAsnst^tiAEc" 
a^ip)±wnt^5, an ^-xj8¥3W£/g 3 

4-l£Ga, I ni-i As, Sbi-, ICU fflfi&x, 

ys»t*t. x^^^s®-c«x^;^-^^^^ (E 
« ) ^^<3W^^^{Cfpi^oT^{r/h$<^^J: 
5 \Z?Z> ZtlZ^V&i ^-xm*&&® 34-l« 

ntcct o itzmftm* $ £ mifii_t sit-* c £ &-e# -5. 

[0 0 3 6] £CD|SJ£0!fcL ltltln 
GaAs^S i^tt<0«»fcfflVifc^DXi;*Jg^> 

[00373 sfc, ^<ommm^\t. m>??m*mfc 

JI3 3JCA U.4* I no. 52 As ^ffi^TV^^ — 
\t. A I. Ga, I ni-i-? As (fcfcU O^u^ 
1, O^v^l) T£<. X5y^*frl3 
5l:Alo.4j Ino.5jAs&ffiV«, CtlttAl, G 
ai I niM-i As (fzfzL, 0 1 , 0 ^ z ^ 

1) TSntii:^. ^M-Xffl^§3 4- 

ltlTGaAso.s Sbo.s &m^ft&* Ctltt, G 
a* I ni-k As, Sbi-, (fcfzh. O^x^l, 0 

34-2tLTIno.ssGao. < TAs$ffll« Cin 
Gat I m-k Pj Asi-. O^k^ 
1. O^l^l) JfcttAl. Ga. In,-,-, As 

mmm4i m7 \z^m\z^^>^am^b : y>^x 

^^ffLT^^^B&i-^o 4 5«n- MT, A I 
o. <( Ino. S 2As(DX^^^^lT^O, 4 6 « 
n* A 1 o.4« I no.52As<DX^^ft#fl?¥ 

[0 0 3 8] ±&nmw4 tc^frtsx^^^, ^-x, 

=i ^#^COX^;^-A*> 8 CO J; 5 Kte 

■oTl^. 3l/^m^I13l:^M-X^ 
4-1 J;t)X^^t^y (Ei ) CO*£fc 

x • ^u?*Rm\z\znT\zirrz&m*&t£i,te^fz 

x^;u^-^r^y (E« ) co*£&I nPau^ 
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alnAs/GalnA s cp^ft^o h 5 > v 
^^>, h7>yx^(0ic -v CE ^coi:±0 5 bct:<. 

5 K/ cm 2 SK©tSa£««fS«Tftt*etua:^ofc. 
[0 0 3 9] CCD^^JI. tt%?UtMKfrH&ft (fr ) 

[0 0 4 0] X^y^#^|4 5tlM- 

Xffl^I14-lt©r B 1l;, iTInGaAs 
0$ 2 "*-XJfl¥«M*ja 14-2 <D*««St*TV>3 C 

[0 0 4 1 ] £ 1 XJHHyftttB 14-lOG 

ax Ini-, Asr Sbi-T Kl^vcia&x, y£^ffc 

(E« ) 

:iCJ;0^i^imil 4- lrtaSTtt^S 
[0 0 4 2] HCOg&Jfifcltt, ¥iMfelltlTln 

GaA^s imnmvtttt&m^ZL^TUttmm* 

[0 0 4 3] ^©SfeJfiWTtt* 
1 1 3lZ I nP*fflWW. — jftfctt. Ga. In 
i-. P. Asi-t (fcfc'U 0£u£l, O^v^l) 
-Ci<, 3:fc, i5y^i?#l4 5l:Alo. 1 .In 
o.5 2 As»TW, ^ntHKCttAl, Ga, 
I ni-»-i As CfcZfU 0£w£l, O^z^l) T 

[0 0 44] 

—4^*;/ G a 1 nPAs^A IGalnAs 

^m^n &m ^am^ h ? >^x 9 \z& ^x. 

p 1 ^-Xf LTG ax I ni-i As 

Ini-k Pi Asi-i ifcttAl. Ga. In.-,-, A 
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